The objective of this study was to describe a reliable ultrasound based index scoring system based on ultraound characteristics to identify benign thyroid nodules and avoid unnecessary fine needle aspiration cytology. Materials and Methods: Patients undergoing ultrasound-guided fine-needle aspiration cytology (FNAC) for thyroid nodules were evaluated prospectively. A total of 284 patients were evaluated from November 2005 to November 2011. There were 284 nodules. Any solid or partly solid focal nodule in the thyroid gland was included in the study. Cysts with no solid component were excluded. We used LOGIQ 9 (GE Healthcare) scanner equipped with a 10--14 MHz linear matrix transducer with color and power Doppler capability. Four US characteristics were evaluated, i.e., nodule margins, echo texture, vascularity, and calcification. Fine needle aspiration (FNA) was performed on all nodules. The nodules were labeled benign or suspicious using an ultrasound index score and the results compared with FNAC. Follicular neoplasms on fine-needle aspiration cytology were further assessed by excision biopsy and histology. Cytology/histology was used as the final diagnosis. Results: In total 284 nodules were analyzed. All the 234 nodules in US labeled benign category were proven to be benign on cytology/histology. Therefore the specificity of ultrasound in labeling a nodule benign was 100%. Twenty of the 50 nodules that were suspicious on US were malignant. The most significant US differentiating characteristics were nodule margins, vascularity, and microcalcification. Conclusion: Our results show that US can accurately characterize benign thyroid nodules using an index scoring system and therefore preclude FNAC in these patients.
INTRODUCTION
Thyroid nodules in the adult population are common. [1] Although the majority of thyroid nodules are benign, a large number undergo cytology/histology to rule out malignancy. [2] Initially thyroid nodule characteristics were studied individually and their association with malignancy has been reported. [3, 4] Subsequently, characteristics were grouped to determine if by having more than one characteristic this association changed. [3, 5] Currently most authors divide thyroid nodules into benign, follicular lesions, and malignant nodules based on ultrasound (US) appearance. [6] Recently Horvath et al., created a Thyroid Imaging Reporting and Data System (TIRADS) after evaluating the different characteristics that allow for a better selection of nodules submitted for fine-needle aspiration cytology (FNAC); while Park et al., proposed an equation to predict the probability of malignancy in thyroid nodules based on 12 characteristics. [4, 6] FNAC remains the gold standard in the characterization of thyroid nodules. [7, 8] However, different US criteria are now being used to predict the nature of thyroid nodules. [7, 8, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] This is because performing FNAC of all thyroid nodules is a costly venture with a low yield in identifying the small proportion of nodules that actually represent malignant disease. [15] There is no universal agreement about the best way to use US in the management of thyroid nodules. [4, 6, 23, 24] This paper evaluated the use of easily adaptable index score based on US characteristics that have a higher correlation with benign nature of a thyroid nodule.
OBJECTIVE
The objective of this study was to describe a reliable ultrasound based index scoring system based on ultraound characteristics to identify benign thyroid nodules and avoid unnecessary fine needle aspiration cytology.
MATERIALS AND METHODS
The study received approval by the Research and Ethics committee of the Aga Khan University Hospital, Nairobi. From November 2005 we started to recruit patients referred for US-guided FNAC of thyroid nodules at the Radiology Department in Aga Khan University Hospital, Nairobi. Written informed consent was acquired from all subjects. All patients underwent ultrasound examination of the thyroid which was performed by one of two radiologists each with greater than 5 years experience in thyroid ultrasound. We used a LOGIQ 9 (GE Healthcare) scanner equipped with a 10--14 MHz linear matrix transducer with color and power Doppler capability.
All solid or partly solid focal nodules in the thyroid gland were included in the study. When a patient had multiple nodules, the most dominant nodule/s were included. This decision to choose the dominant nodule was left to the discretion of the person performing the ultrasound examination. Cysts with no solid component were excluded because they are almost exclusively always benign. [1] We evaluated four characteristics of each nodule, i.e., border characteristics (margins), echo texture, presence or absence of microcalcification, and vascularity.
Margins
The margin of a thyroid nodule was classified as either regular or irregular. Distinct nodule borders exhibiting a complete halo were called regular whereas indistinct, poorly defined borders with less than 30% circumferential demarcation were defined as irregular [ Figures 1 and 2 ].
Echogenicity
This was described as either homogenous or heterogeneous based on comparison to the surrounding thyroid tissue 
Vascularity
This was assessed by color Doppler and vascularity was compared with the surrounding thyroid gland. It was We then graded the nodules by giving them an index score of one to four using the four major US characteristics in Table 1 .
Each nodule had a minimum score of 0 and a maximum of 4. Those with scores of 0 and 1 were labeled as benign [ Figure 1 ]. Scores of 2, 3, or 4 were labeled "suspicious" [ Figure 9a and b]. In the interpretation of the US features both radiologists arrived at a consensus diagnosis, i.e., benign or suspicious.
US-guided FNAC procedure
a. Superficial nodules: Multiple passes were made using a 25 gauge needle (without any suction). b. Deeper nodules: Multiple passes through the nodule with a 21/23 gauge needle and suction with a syringe. A cytologist then analyzed them at the same sitting to reduce the number of inadequate samples. Two pathologists in consensus classified the cytological diagnosis as benign, malignant or follicular nodule.
Some authors have used a vacuum gun to aid suction of small nodules that are located deep within the thyroid gland. [17] The nature of a follicular nodule cannot be determined by FNAC; hence histology is imperative for a final diagnosis to be arrived at. [26, 27] In our study all follicular nodules underwent an incisional or excisional biopsy for histological diagnosis.
Specificity of US in the characterization of benign thyroid nodules using the major characteristics was then calculated. All the nodules included were analyzed and the gold standard was cytology or histology. All characteristics were tabulated to calculate their level of association with malignancy by determining the percentage of each in the benign and suspicious categories respectively. A P-value was assigned to each to determine the level of significance. A value less than 0.5 was considered significant.
RESULTS
A total of 284 nodules were analyzed. The patient selection was from a pool of consecutive referrals to Aga Khan University Hospital's radiology department in Nairobi. The nodule size ranged from 3 mm to 28 mm (anteroposterior), 10 mm to 20 mm (transverse), and 3 mm to 12 mm (length).
A total of 234 nodules were characterized as benign on US, all of which were benign on FNAC. Therefore the specificity of US labeling a nodule benign was 100%. There were 50 suspicious nodules on US of which 20 turned out to be malignant [ Table 2 ].
Of the ultrasound characteristics analyzed margins, vascularity, and calcification were found to have significant P-values [ Table 3 ]. Echogenicity was not significant in identifying benign or malignant nature of the nodule.
DISCUSSION
The widespread use of US in the evaluation of thyroid nodules has created an overwhelming need to establish scientifically sound, straight-forward, and easily adaptable protocols that minimize costs related to nodule management and maximize the benefits of US. Our aim was to suggest an US index score that has the characteristics of such a protocol. We assessed the reliability of our US criteria in labeling a thyroid nodule as benign. Ninety-three percent of the thyroid nodules referred for US-guided FNAC were benign and 7% were malignant. A similar incidence has been published by Lannuccilli et al. [15] All of the 234 nodules that were characterized as benign on US (0-1 category) were confirmed to be benign on cytology/ histology. Based on these findings, if US classifies a nodule as benign FNAC can be deferred. This is reiterated by studies such as Stacul and Kwak et al., which have shown that most malignant nodules have more than two malignant US characteristics. [28, 29] Several US characteristics have been studied previously. These include border characteristics (margins), echogenicity, calcifications, vascularity, size, shape, orientation, and acoustic transmission. We only evaluated four of these characteristics in each nodule, i.e., border (1) with microcalcification (1), and has increased central blood flow (1) . Index score is 3.
Final diagnosis was papillary carcinoma. characteristics (margins), echogenicity, presence or absence of microcalcification, and vascularity. These features were selected because they have been shown to be the most widely looked for, as they have the highest correlation with malignancy when studied in combination. [3, 4, 5, 6, 23] They are also similar to those used in a study by Kovacevic et al. [18] In two studies on the same patient population, Koike et al., demonstrated how combining highly sensitive US characteristics of malignancy with more specific FNA cytology can yield a accuracy similar to that using a set of more specific US characteristics to diagnose malignancy. [1, 25] We did not assess size and shape in order to determine to what extent they may be linked to the benign nature of a thyroid nodule. Size and shape of the nodule have been shown to be less sensitive and specific indicators of thyroid malignancy. [5] We did not assess nodule orientation or acoustic transmission because they have not been used as frequently as the characteristics we chose to analyze. Other sonographic variables not measured in the study that could have incremental predictive value, include ultrasounddirected qualitative intranodular vascular distribution and quantitative analysis of tumor vascularity (tumor vascular resistive index). [8] These are complex and not easily adaptable in routine US imaging of the thyroid gland.
We have described a method in which one can use US to predict benignity. Table 4 summarizes already published operating characteristics of described methods for using US features of thyroid nodules as predictors of malignancy.
With an index scoring system using the US features it has been shown to have the highest association with malignancy. Based on our scoring system we had a very high specificity to diagnose a benign nodule [ Table 4 ]. Our high pick up rate of benign nodules may be partly due to the specific characteristics we used, but we must acknowledge the high prevalence of benign nodules regardless of the effectiveness of our index score. Our specificity is high compared with Kwak, Stacul, Koike et al., and more recently Horvath et al., [Table 4 ]. This may be because we were targeting benign nodules. Kim et al., had the lowest specificity which may be because they adapted the older method of using just one US feature to assess malignancy, rather than using a combination of US features [ Table 4 ].
We used an index score consisting of four out of several characteristics that have been shown to be features significantly associated with malignancy. [33] While the most recent publications have moved on to stratify, categorize, and create reporting and data systems, [1, 3] we chose to take a simpler and more adaptable yet scientifically sound approach similar to Koike et al. [25] Of the four major US characteristics that were used, margins, calcification, and vascularity were most significant. A small percentage of benign nodules had an irregular margin but they did not have increased central blood flow and no calcification was seen. These findings are reiterated by Moon and Seya et al. [21, 31] If a nodule was classified as malignant it most likely had an irregular margin and increased central vascularity. Echo texture and ancillary characteristics such as size and shape did not have significant P-values. This may be because of the sample size and a larger study for further evaluation of these characteristics would be of value because these features may be used as an additional features to evaluate malignancy. Most patients with malignancies have more than two US features characteristic of malignancy. [1, 14, 15, 31] However certain characteristics are more reliable as shown in Table 2 . Presence of microcalcification is most significant in predicting malignancy [1] The use of US adds the additional advantage of FNA guidance which is particularly beneficial in patients with nonpalpable, multiple, or heterogeneous nodules for preferentially aspirating a specific segment of the nodule (large or partially cystic nodule) or when nodule palpation is difficult (patients with diffuse glandular disease) or obesity. [30] In the diagnostic management of thyroid nodules, FNAC is still the gold standard despite the growing experience in the use of high resolution US. [8, 12, 31] FNAC has its limitations. Kim et al. [4] 155 Impalpable nodules versus FNA or surgical pathology Presence of 1 malignant feature 66
Kwak et al. [28] 815 US versus FNA/post op pathology findings 80.6 Koike et al. [25] 329 US plus FNA versus surgical pathology Presence of 1 significant malignant feature 2 or more malignant features 91 Koike et al. [25] 329 US versus surgical pathology 5 US features 92 Park et al. [6] 1694 US vs. US-guided FNA Equation of 12 US features stratification of results into categories Horvath et al. [3] 1097 US versus US-guided FNA Thyroid imaging and reporting data system 88 Our study 284 US versus US-guided FNA Index scoring system consisting of 4 US features 100
CONCLUSION
Our preliminary results show that US characterization of a thyroid nodule can accurately infer its benign nature. We have suggested the use of an US index score to avoid unnecessary FNAC in patients with thyroid nodules. However as FNAC remains the gold standard in the characterization of a thyroid nodule, both FNAC and US should be used in combination to manage suspicious thyroid nodules. This preliminary work can be used as a guide to the evolving management protocol of thyroid nodules.
It cannot differentiate a follicular adenoma from a follicular carcinoma. [2, 18] Therefore, for these lesions a corresponding histological analysis was taken to be the final diagnosis. FNAC can also be limited by inadequate sampling. [18] In our paper, an attempt to reduce inadequate sampling was made by using US guidance and by having the samples analyzed by a pathologist at the same sitting before the patient left the examination room. [30] The actual effectiveness of different US criteria is still in question and currently being reconsidered and modified. [33] Techniques that combine US features and FNAC are most effective and most accurate for predicting malignancy rather than US alone. [22] Many studies agree that with regard to thyroid nodule management a multidisciplinary approach is best, including clinical examination, laboratory work up, US, FNAC, and surgical excision with biopsy where necessary. A consensus conference statement by the Society of Radiologists in US highlighted six US characteristics that are associated with malignancy. [33] , the most specific of which were analyzed in this paper
The authors recognize various limitations of the study. US is a highly operator-dependent examination. As such operator bias could have played a role in the US results.
In the interpretation of thyroid nodules, the presence or absence of abnormal neck lymph nodes was not considered. Elastography is a technique that can also help identify thyroid nodules that are likely to be malignant. [32] We did not analyze elastography but focused on an index score that can reliably identify benign nodules. A combination of US features with other investigations such as, serum thyroid stimulating hormone concentration, galectin-3 expression analysis, and FDG/PET scan would be useful in avoiding the higher costs of thyroid surgical procedures. [28] One of the most significant weaknesses of this paper is the small sample size with few malignant nodules compared with recent publications with almost similar objectives but more complex sonographic pattern recognition methods. However we do believe that this is outweighed by the fact that the simple and straightforward index score used to classify nodules did not need a larger sample size as have recent papers like Horvath et al. [3] In 2002 and later 2007 a paper by Kim and Kovacevic et al. respectively, had even smaller sample sizes and simple classification systems. [4, 26] Finally the purpose of this paper is unique to what has already been done; the structure is sound, methodology is straight-forward (justifying the small sample size), and its findings can be applied during routine imaging without significant cost implications.
